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Eit?OIIJR-SLUl-DEFLECTORCOMBINATION ON AN

tnwwEPT NACA 65Ao06 WING

By Raymond D. Vogler

SUMMARY

An investigation was made in the Langley high-speed 7- by 10-foot
tunnel to determine the effectiveness of a spoiler-slot-deflector com-
bination in producing rolJing moments in the transonic speed range at
angles of attack as high as 24°. By use of the transonic bump a Mach
nuder range frm 0.62 to 1.20 was obtained. The wing had an aspect
ratio of 4, a taper ratio of 0.6, an unswept quarter-chord line, and
NACA 65AOC% airfoil sections. Forces and moments on the semispan model
were obtained with a 57-percent-semispan outboard spoiler-slot-deflector
combination located between the 55- and i’O-percent-chordlines. For
comparison, data were also obtained with spoiler vented and unvented and
without a deflector.

As was previously found at lower speeds, a spoiler-slot-deflector
combination was more effective at transonic speeds than a spoiler alone
in producing rolJJng moments over a ~eater angle-of-attack range. At
positive angles of attack up to about 12° the spoiler and the spoiler-
slot-deflector combination suffer some loss in effectiveness in and above
the.transonic speed range, but at high angles of attack both configura-
tions show increasing effectiveness with,increasing Mach number in the
region near M= 1.0. The rollipg effectiveness of the spoiJ_er-slot-
deflector combination is approximately proportional to the projection
for the range investigated.

INTRODUCTION

The spoiler used as a lateral-control device has been the subject
of considerable investigation at low and high speeds, and on both swept
and unswept wings (refs. 1 to 3). Recent investigations of spoilers used
as lateral-control devices have shown that on thin wings with small
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leading-edge radii the unvented spoiler loses effectiveness rapidly as
the angle of attack is increased above 8° (refs. 2 and 3). However,
investigations at low and high subsonic speeds as reported in refer-
ences 3 to 5 have shown that this loss in effectiveness at the higher
angles of attack could be substantially reduced by using a slot.in the
wing behind the spoiler that would allow the air to flow through the
wing from the lower to the upper surface when the spoiler was deflected.

The purpose of this investigation was to extend through the tran-
sonic speed range previous low and high subsonic speed investigations
of spoiler-slut-deflector devices for lateral control. The investigation
was made in the Langley high-speed 7- by 10-foot tunnel using”the tran-
sonic bump to obtain Mach numbers from 0.62 to 1.20. The angle-of-attack
range was -4° to 24°. Rolling, yawing, and pitching mcments, and lift
and drag were obtained with spoiler alone, spoiler-gap lip cotiination,
and spoiler-slut-deflector conibination.

SYMBOLS AND COEFFICIENTS

. .

The forces and moments measured on the model are presented about an
orthogonal system of axes whose origin coincides with the point of inter-
section of the root chord ltie and the quarter-chord line. The longi-
tudinal axis IS parallel to the free air stream and the lateral axis
coincides with the quarter-chord line.

5 lift coefficient,

A% increment of lift

CD drag coefficient,

ACD increment of drag

Twice semisDan lift

qs

coefficient produced by the control

Twice semispan drag

qs

coefficient produced by the control

% pitching-moment coefficient,

% increment of pitching-moment
control

Twice semispan pitching moment

(&

coefficient produced by the

cl rolling-moment coefficient produced by the control,
Rolling nmment

qsb

, “’”*=3!M!!S
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Cn yawing-moment coefficient produced by the control,

Yawimz moment

qsb

q dynsmic pressure,
#

lb/sq
7

P mass density of air, slugs/cu

v free-stream air velocity, fps

f%

ft

s

b

c

E

M

R

twice wing area of semispan model, 0.125 sq ft ‘

twice wing span of semispan model, 0.707 ft

local chord, ft

mean aerodynamic chord of wing, 0.1805 ft

Mach number

Reynolds number of wing based on E

angle of attack, deg

spoiler projection, negative when projected from upper
surface of wing, percent chord

bd deflector projection, positive when
surface of wing, percent chord

MODEL AND APPARATUS

projected from lower

A drawing of the model and pertinent information are given in fig-
ure 1. The solid steel wing had NACA 65A006 airfoil sections paralJ_el
to the free air stream, an unswept quarter-chord line, an aspect ratio
of 4, and a taper ratio of 0.6. The lateral-control devices investigated
included a spoiler, a spoiler-gap-lip combination, and a spoi.ler-slot-
deflector conibination(fig. 1). The spoilers and deflectors were made
of 0.02-inch-thick steel plates. The leading edge of the spoiler was
inlaid flush with the wing surface. Spoiler projections were obtained
by raising the rear edge of the plates and bending them along the
‘35-percent-chordline of the wing. Deflector projections were obtained
by bending the plates along the 70-percent-chord line. For the spoiler-
slot-deflector configurations, a slot was cut through the wing between
the 55- and 70-percent-chord.lines,except for two chordwise ribs which
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were left for stiffness (fig. 1). The lip was made of a thin piece of
metal extending from the rear of the slot forward along the original
contour of the wing lower -surface. In the spoiler-gap-lip configuration
part of the 0.15c slot was fiUed with a fairing leaving a gap of 0.025c
between the fairing and the lip (fig. 1). The lip and the deflectors
had sharp leading edges. Each of the control configurations had a span
of 0.57b/2 and extended from 0.40b/2 to 0.9n/2.

The model was mounted on an electrical strain-gage balance enclosed
within the bump. The wing was attached to the balance mount through a
wing-profile cutout in the turntable in the surface of the bump. Air
flow between the ~ root and the cutout was restricted by a sponge
rubber seal attached to the wing butt within the balance chamber. The
forces and moments were measured simultaneously with calibrated recording
potentiometers.

TESTS AND CO~IONS

The model was tested in the flow field of a transonic bump mounted
on the floor of the Langley high-speed 7- by 10-foot tunnel. The Mach
number range was from 0.62 to 1.20 and the angle-of-attack range from
-4° to 24°. Investigations were made of the spoiler alone, spoiler-gap-
lip, and spoiler-slot-deflectorconfigurations with the spoiler projected
various amounts up to 10 percent of the local wing chord. On the spoiler-
slot-deflector combination the ratio of spoiler projection to deflector
projection was 4 to 3.

The variation of mean test Reynolds number, based on the mean aero-
_c chord, with Mach number is given in figure 2.

No corrections to the data have been applied. The usual wind-tunnel
blockage and jet-boundary corrections are considered negligible on account
of the smsll size of the model. Reflection-plane corrections to the
rolling moments were dispensed with since this investigation was con-
cerned primarily with the effects of angle of attack and Mach number on
the relative effectiveness of spoiler-type controls having the same span
and the same spanwise location. From experimental and theoretical con-
siderations, it is believed that the _itude of the ro~ing-moment data
as presented is approximately 15 percent too large at the lowest Mach
nunber but at a Mach number of 1.0 or above is approximately correct.

1
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RESULTS AND DISCUSSION

Presentation of Data
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The lift, drag, and pitching-mmnent coefficients of the plain wing
are presented in figure 3, and the increments of lift, drag, and pitching-
moment coefficients produced by various controls are shown in tables I
to III, as a matter of general bterest, along with the yawing- and
rolling-moment coefficients. Since the investigation was concerned pri-
marily with lateral control, only the rolling-mmnent data of tables I
to III have been plotted to show the effect of important parameters on
the rolling effectiveness of the controls.

Lateral Control Characteristics

An inspection of the tabular values of rolling- and yawing-mcment
coefficients of the spoiler alone shows the values to have the same
algebraic sign in most cases which means that the yawing-moment coeffi-
cients are generally favorable or small if unfavorable. However, with
the spoiler-slot-deflectorcombination there are some adverse yawing
moments at high angles of attack.

The variation of rolling-moment coefficient with angle of attack
for various projections of the controls for the three configurations
investigated is given in figure 4. At subsonic speeds the effectiveness
of spoiler,alone decreased rapidly as the angles of attack were increased
above 8° resulting in near zero rolling-moment coefficients at angles of
attack from 16° to 20°. The variation of effectiveness with angle of
attack is similar to but less abrupt than that shown for the swept wings
of references 2 and 5. At supersonic speeds the decrease in spoiler
effectiveness with increase in angle of attack was more gradual than at
subsonic speeds. The addition of a 0.03c gap in the wing and a sharp
lip behind the gap along the lower surface of the wing improved the
effectiveness of the spoilers at the higher angles of attack at all Mach
numbers. Considerably more improvement throughout the angle-of-attack
range and Wch range was obtained by increasing the gap to 0.15c and
adding a deflector behind the slot on the lower surface of the wing to
direct more air through the slot. A ratio of deflector projection to
spoiler projection of 3 to 4, previously found effective throughout the
angle-of-attack range (ref. 5), was used in this investigation. The
improvement in rolling effectiveness obtained with the slot and deflector
is typical of the results obtained in previous investigations of swept
wings at subsonic speeds (refs. 3 and 5). At low supersonic Mach numbers
the improvement results in rolJ_ing-momentcoefficients that were fairly
constant throughout the angle-of-attack range.

— -. — . . .-— — .—.— —— --. -.— ...— — ——— ——- .—— —
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Figure 5 shows the effect of Mach number on the rolling-moment coef-
ficients of the spoiler alone and the spoiler-slot-deflectorcotiination.
Both configurations show decreasing rolling-moment coefficients in and
above the trausonic speed range at positive angles of attack up to about
12°, but both configurations show increasing values at the higher singles
of attack in the region near M = 1;0.

The variation of rolling-moment coefficient with projection is given
in figure 6 for the spoiler alone and for the spoiler-slot-deflectorcom-
bination at 0° and 16° angles of attack. The increased effectiveness of
the spoiler-slot-deflectorcombination through the )pojection range at
low and high angles of attack is ind~cated. The effectiveness of ‘the
controls”is approximately proportional to control projections, slthough
the spoiler alone has lower effectiveness in the projection”range near
one percent.

CONCLUSIONS

A wind-tunnel investigationwas made to determine the effectiveness
of a spoiler-slot-deflectorcombination in producing rolling moments in
the transonic speed range through an angle-of-attack range from -4°
to 24°. As a result of the investigation the following conclusions are
made:

1. As was previously found at low and high subsonic speeds, a
spoiler-slot-deflectorcombination is more effective in producing roXling
moments over a greater angle-of-attack range than an U.nvented)spoiler alone
at Mach numbers through the transonic range up to 1.20. .

2. At positive angles of attack up to about 12° the spoiler and the
spoiler-slot-deflectorconibinationsuffer some loss in effectiveness in
and above the transonic speed range, but at high angles of attack both
configurations show increasing effectiveness with increasing Mach number
in the region near M = 1.0. “

3. At Mach numbers from 0.62 to 1.20 and angles of attack from -4°
to 24°, the rolling effectiveness of the spoiler-slot-deflectorcombina-
tion is approximately proportional to the projection.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., October 7, 1953.
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-.oi13
-.0097
‘.0076
-.0077
-.0063
-.00ss

-.0133
-.0119
-.0090
-.0083
-.0016
-.0070
-.006e

-Cfl
-.0067
-.0048
-.0030
-.0011
-.000
-.000 t

-,0077
-.0061
-,0033
-:::::

.0011

-.010s
-.006B
-.0037
-.00s1
-.0007
-:~;~:

-.0099
-.0008
-.0071
-.0088
-.0013
-.0001
.0091
.001>

-.009s
-.006S
-.0046
-.0033
-.00s1
-.0010
-,0005
-,0010

-.0078
-.0060
-.0048
-.0034
-.0000
-.0010
-:::::

-.0081
-.0063
-,0044
-.0097
-.0018
-.0007
.0003

M
~

.62

.6S

.6a

.69

.84

.04

. 04

.84

.84

.84

.9s

.9s

.98

.95

.95

.98

.9s

1.01
1.01
1,01
1,01
2..01
1.01
1.01
1.01

1.07
1.0’7
1.07
1.07
1.07
1.07
1.07
1.07

1,18
i.la
1.10
1.18
1.10
l.la
l.la
1.1s

1.00
1.*O
i.ao
1. ’20
1.s0
i.ao
1.80

a

~

4::

1:::
16.0

- 4.0

4::
8.0

la.0
16, o

- 4.0
.0

:::
18.0
16.0
80.0

- 4.0

4::

1:::
16.0
ao, o
S4. O

- 4,0

4::
8.0

la, O
16.0
00.0
04.0

- 4::

4.0
8.0

18.0
16.0
90.0
S4. O

- 4.0

4::
8.0

;:::

ao. o

A CL
-. 3b6
-.g708
-.8938
-.13s8
-.0680
.0419

-.3171
-.3498
-.3838
-.3070
-.1339
-.0003

-.3350
-.3471
-. 3176
;: :::8

-.100 i
.. 030a

-.ao3a
-.s 457
-.a6at
-.1008
-.1440
-.1201
-.0477
.0045

-.1846
-.eaai
-.0848
-.1679
-.1411
-.1134
-,10>6
-.0883

-.laao
-.a336
-.0055
-,16i0
-,1003
-.1036

-.0999
-.1147

-.1038
-.aooo
-.1677
-.1354
-,1!+06
-.1061
-.0869

& =-./oc
~

.0S88

.0S68
,0375
.014E

‘.0064
.00*1

.078-7
,0690
.040d
.oo7a

-.013a
-.0095

.0991

.0766
,0450
.0134

-.005a
-.007e
-.oa47

.1038

.0,(76
,0439
.0188

-.003s
-,0161
.0017

-.0109

.0938

.0748

.04s4

.01Y7

2%!

-.oax6

.9891
,0734
.0404
.01s6
.0018

-.0137
-.004s
-.0346

.0070

.0607

.039s

.0Z16

.0010
-. OIU1
-.oa49

ACm
~

.0110

.0110

.0057

.0095

.0463

.0400

.0a49

.0188

.0108

.004E

.0670

.060S

.0394
,0371
.Oalo
.00e3
.0049

.0a3b

.0166

.0899

.030s

.0ae4

.It:i:

.0113

.0057
.0109
.0344
.0ae3
.0261
.0160
.0139

,0000

,. 0103
.0006
.0371
.0301
.Oabu
.Onal
.0s90
.0110

~0007
,01’7>
.0863
.08a4
.0ss0
.0986
.0Z46

-q
-.0ti49
-.0S73
-.0319
-.0879
-.01s7
-.00s%

::::::

-.0386
-.03’J9
-.0173
-.00~6

-.0a96
-.0347
-.0336
-.oaae
-.0179
-.0137
-.0086

-.0s06
-.0951
-.0ab9
-.0193
-,0160
-,0146
-.0096
-.0030

‘.0199
-.oe34
-.oai4
-.0178
-.0163
-.0136
-.01>3
-.0101

-.0105
-.0s36
-.0196
-.0171
-.0147
-.0140
-.0119
-.0L14

-.019E
-.0a07
-.0161
-.0146
-.02a9
-.0119
-.0104

‘C”
-,0103
-.0087
-.0067
‘.0039
-.00a4
-,00a7

-.015’1
-.0099
-.0071
-.00s8
-.0006
-.oole

-.0143
-.0101
-.0069
-.00 4

i-.00 4
-Ooole
‘,0006

-,0144
-.0130
-.0100
-.oosa
‘.0035
-.0017
-.0018
-.0013

-.0i30
-.0103
-.0076
-.00SZ

:;:~;:

.0004

-.01%0
-.0113
-.0074
-.0049
-.0089
-.0011
.0003
.0011

-.0113
-.0108
‘.0069
-.0046
-.ooa>
-.0000
.0007

I

I
I

w



Table D,– Spoiler, Gop, md LIP

M

,68
.6*
.6’2
.6B
.ea
,60

.B4

.04

.04

:8:
.84

.94

.95

.9J

.95

.W5

:8!

1.01
1.01
1.01
1.01
1.01
1.01
1,01
1.01

1.0?
1,01
1.07
i,o’f
1.07
1.01
1.07
1.07

1.1a
l. ia
l.la
1,1s
1.1s
i. ia
1.19
l.in

1.80
1.s0
1.80
1.90
l.ao
Lao

~

4.0

4::
6,0

18.0
16,0

4.0

4::

,$:8
16.0

4.0
.0

i::
10.0

i:;8

4,0

4::

1:::
16,0
00.0
a4.0

4.0

4::
e.o

18.0
16.0
00.0
34.0

4.0

4:;

1:::
16.0
ao. o
B4. O

. 4.0

4::
8,0

11.0
16.0

~

&=4

A CL

-.0966
-.1i41
-.14s0

:;;w~

-,1676
-,3030
-,1./75
-.1 83

$-.0 99
-.0178

-.lvsa
-.ia43
-.iooe
-.0046
-.loia

::8!8~
-.0088
-.1U76
-.0946
-.1070
-.i L49
-.0944
-.0417
.Os ia

-. 0970
-.oedl
-.0760
-.093S
‘.0987
-.0060

:::?2!

-.0779
-.0 08

‘?-.0 9s
-.0603
-.0946
-.0810
-.08S6
-. L036

-.0786
-.osaa
-.0639
-.0794
‘.0914
-.0944
-.0e75

7c

ACD

.0140

.o#as

.0149

.0184
,0007
.0044

.0$7>7

.0878

.0186

.0037
-.0066
-.0071

.0341

.033.9

.0106
-.0011
-.0197
-.019
-.019 !

.038a
,0s39
.00TB

-.00S4
-.oaoa
-.0aa3
-.0180
-.01S4

.oa70

.0106

.0091
-.ooaa
-.01S6
-.0S69
-,039i
-.03a1

.0240

.019

.009 1
-.0070
-.0136
-.0n6s
-.0317
-.0s08

.Oals

.0163

.0003

.0011
-.0139
-,0s!36
-.0366

ACm

.0037

.01 0
im,;

,0049
.0044

.oBkl

.0S68

.0009

3
.00 7
.00 1
.0063

.0446

.0430

.0006

.o#46

.oa33
,01 a

+.01 T

.0U60
A:::

.084
,030 $
.0164

.. 9006
.0060

.,ooaw
.oaaa
.0190
.0844
.0s64
.0195
.0167
.0000

-.oo4e
.0147
.0s35
.0a86
.0aa4
.oa36
.0’ 247
.0163

,008s
.0103
.01a3
.019B
.::$:

:OB89

-cl
.. 0086
.. 0066
.. 0110
.,00!39
.,0034
.00s1

.,0107
-.0i35
-.oias

::Sit?
-.004X

-.0181
-.0167
-.olao
..010s
-.0104
.: ::::

-.0096
-. O1*?
-.oioa
-.0i06
-.0108
-.00a1
-.0061
.00i3

-.0083
-.ooea
-.0081
-,0091
-.,0093
-.0067
-,0096
-.0056

-.0o76
-.ooad
-.0083
-.0087
-.0091
‘.0094
+::?

-c/7
-.0039
.. 003a
-.0081
-.001s
-.0003
.0001

-.0040
-.0039
-.0007

-:888:
.0003

-.0061

::::::

-.0014
-.0009
-.0006
-.0011

-.0061
-.oosa
-.0001
‘,0017
-.0000
.0008
.0011
,0006

-.0057
+3:::

-.0093
-.0014
-.0006
.0016
,00a3

-.004s
-.0036
-.0030
-.00ss
-:::;;

.Oo’ai

.00s5

-.004s
-.0039
-.00E6
-.0009
-.0000
.0011

~

M
,68
.6a
.ea
.6a
.6S
.6S

.a

.8 1

.84

.04

.04

.84

.9s

.98
,95
.95
.93
.95
.96

1.01
1.01
1.01
1.01
1.02
1.01
1.01
1.01

1.07
i.07
1.01

1:::
1,07
1.07
1.07

1.1a
i. ia
%.19
1.1s
1.1X
1,. la
1.1a
1.1s!

1.00
l.ao
1.80
1.BO
1.s0

1.s.0
~

u

T-T

4::
tl. o

la. o
16.0

4.0

4::
a.o

ia. o
16.0

0

:
0
0
0
0

0
0

4.0
B.o

1s.0
16.0
ao. o
S4,0

- 4.0

4::

1:: 8
16.0
80.0
a4. o

- 4.0

4::
8.0

la. o
16.0
no. o
14.0

- 4.0

4::
8.0

1s.0
16. o
Boo

A CL
-.155s
-,1866
-.8066
-,1850
-.0891
-.00s8

-.ai36
-.a>34
..a7 aa
-.aasa
-.1387
-.0368

-.snae
-.as7a
-.11 3
-.18 5

::::;$
-.0630

-.isau
-.1780
-.1s54
-. 14za
-.1400
‘.1199
-.ofiao
-.0336

-, labs
-.1606
:: ;?::

-. 1430
-.1163
-.1154
-.i0i6

-.1168
-.16a6
-,1166
~:;~;:

-.1108
-.1117
-.11*O

-, ials
-.1106
-.1014
-.090>
-.1149
-. L1OT
-.1OY7

4’

ACO
.0353
.03 .50
.o’a16
.0113

+:;:

.0475

.04>4

.0975

.0036
-.0i37
-,016>

.0607

.0604

:8~Zl
-.onol
-.0*6?
-.0364

.0610

.045>
,0s03
.0018

-.0190
-.o>ia
-.0190
-,o+aa

.0631

.0411

.0194

-::!:%
-,031s
-,0496
-,0460

.
0447
0361
018P

.0077
-.0113
-.0935
-.0593

~75c

A Cm
.0019
.0147
.0030
.0037
.Ooae
.O1ao

.03a7

.0366
,016a
.01>0
.0084
.01119

.0570

.0s4a

.0>08

.0301

.0404
::;:+

.0S69

.0a84
,0>40
.0374
.04s7
.0s04
.Ooal
.0139

,0011
.oBai
.040>

::;:;

.0a9n

.Oiie

,: ::;:
.0399
.040i
.043S
.0s7s
.0377
.0314

.0073

.oa50

.0a6S

.0.709

.0366

.030S

A&H

*
-.0163
-.0184
-.0041
-.0S26
-.0%43
-.0076

-.0806
.,0ss7
-.oaos
-.0a53
-.0169
-.0079

-.0aa4
-.0a54
-.0s 1

i-.01 8
~::~::

-.0064

-.0153
-.01s0
‘.0i66
-.011s
.. 0141
-.0135
-.0089
-.0009

-,0133
-.0161
-.0136
-.014
-.014 $
-.0i36
-.01a9
-.0101

-.01’37
.,0163
-.013s
-.0133
-.0134
-.oi30
. ..3xa3
-.01i6

-. alaa
-.0i16
-.011s
-.0114
-. O1**
-.01i9

~

-c~
-.0063
-,0o60
-.0040
-.00s7
-.0018
-.0004

-.0075
-.0043
-.0043
-.0017
-.0003
-.000a

-.00~9
-.0069

;:%g~

.0001

.0010

-.0090
-.0009
-.oora
-.0086
-.000V
-.0000
.0006
,0010

-.ooefl
-.0070
-.004a
-.ooa
-.001 1
.000s
,Ooas
.0031

-.0073
-.0063
-.0048
-.oo aa
-.001(
.0004
.0019
.0036

-.0073
-.005t
‘,0034
-.0014
.0004
.Ooi!
oo3q

E!.



—— .—-.-. .-— .——.—.— .. ..——. .

NAC!ARM L53J21

M
.6a
.6a
.6a
.6a
.6a
.6a

1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01

.84

.84

.84

.e4

.84

.84

.95

.95

.95

.9s

.9s

.96

.95

Q

- 4.0
.0

4.0
8.0

12.0
16.0

- 4.0
.0

4.0
6.0

lZ. O
16.0

- 4.0
.0

4.0
8.0

ia. o
16.0
90.0

- 4.0
.0

4.0
a.o

ia. o
z6. O
ao. o
a4. o

Tub/e J.— Concluded

1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07

L
l.ao
1.20
l.ao
l.ao
1.20
1.20
l.ao

- 4.0
.0

4.0
8.0

12.0
16.0
So. o
a4. o

- 4.0
.0

4.0
U.o

18.0
16.0
-20.0
24.0

- 4.0
.0

4.0
B.o

xa. o
16.0
ao. o

‘-

8*=

d c’
-.aa6z
-.8667
-.3184
-.a8a9
-.la67
-.oa79

●

-.a803
-. 3a4e
-.s805
-. 3a3s
-.1794
-.0397

-. 3a53
-.>3s4
-.a966
-.1848
-.i9al
-.1560
-.0859

-.1060
-.8535
-.a803
-.aoa4
-.1894
-.1601
-.094s
-.0364

-.lele
-.9346
-.aaso
-.la97
-. Iezl
-.2546
-.1534
-.%417

-.1741
-.a 363
-.aa7.9
-.1836
-.167a
-.1493
-.z4a8
-.1609

-.1861
-.ao33
-.1786
-.1500
-.1553
-.~5a3
-. 1.384

,/oc
AC’
.0606
.0614

:::;:
-.0086
-.00s0

::::$
.0494
.ola7

-.0105
-.0100

.0997

.(2::’:

Zoa7L
-.oo9a
-.0318
-.0407

.0988

.0776

.0444

.0150
-.olla
-.0276
-.0184
-.0351

.0676

.0736

.0414

.0144
-.olao
-.oa7y
-.0461
-.0573

.06s7

.0717

.0370

.0110
-.0054
-.oa73
-.0404
-.0685

.0799
0690

:039a

-::%:
-.oa47
-.04al

ACm
0130

.:0s14
.0149
.0185
.oa54
.oa69

.0491

.0s17

.0304

:2:::
.0168

.0608

.0641

.0430

.0366

::%:
.0315

.oa78
, .oa94
.0497
.0490
.0534
.038a
.0045
.ooel

-.ooaa
oa71

:0513
.0467
.0s18
.04aa

‘::::2

-.oo6e
.oao4
.0534

:;%:

:045s
.0411

0054
loa77
.0391
.040a
.0450
.047e
.0453

-~
-.oa38
..oa16
-,0343
-.03ae
-.oxes
-.0091

-.oa78
-.03a9
-.03e6
-.03s5
-.oaa5
-.ooes

-.oa89
-.03ar
-.03a6
-.oaa7
-.oals
-.0179
-.0077

-.oa24
-.oa55
-.oael
-.oale
-.oaoo
-.0180
-.o13a
-.0068

-.0196
-.oa46
-.oaa7
-.0199
-.0190
-.017s
-.0164
-.0140

-.ole9
-.oa47
-.oaas
-.o19a
-.o17e
-.0173
-.olsa
-.0149

-.ole9
-.oaal
-.olel
-.o16e
-.0166
-.olse
-.0145

1-1.

-c.
-.0101
-.0090
-.oose
-.0040
-.oole
-.0007

-.oxa3
-.0100
-.oo7a
-.ooae
.0001

-.0009

-.0151
-.oio9
-.0085
-.0050
-.0016
.0007
.oola

-.0146
-.0135
-.010s
-.0046
-.0016
-.0000
.0016
.0019

-.0133
-.oloe
-.0076
-.0051
-.ooae
-.0000

ooa3
:0047

-.oxaa
-.0103
-.0077
-.0044
-.ooas
-.000a
.ooal
.0044

-.olao
-.oloa
-.0071
-.0035
-.0013
.0006
.00a6

e....——...—.—-..—.———.—-- —..—



Table D .— Spoiler, Sht, am’ Deflector

M
.6S
.6B
.62
.69
.6U
.6a

.04

.84

.84
,04
.84
.04

.9s

.98
,9b
.96
.Ph
.0s
.$’5

1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01

1.01
1.0’/
1.07

i:87
1.07
1.07
1.07

l,la
I.la
l.la
1,.1 a
1.1a
1.1s
1.1s
I.za

l.ao
1.80
a.ao
l.ao
l.ao
1.s0
~

-4
a

- 4.0

4::
0.0

Ia. o
16.0

- 4,0

4::
m.o

1’2.0
16.0

- 4.0

4::
8.0

1s.0
16.0
00,0

- 4.0

4::
8.0

la. o
16.0
80,0
S4,0

- 4.0

4:;

11:8
16.0
ao. o
a4. o

- 4.0

4::
8.0

1s.0
16.0
ao. o
24.0

- 4.0

4::
0.0

lB. O
16. o
ao. o

.025c;

AC’
-.0a45
-.0671
-.06S0
-.08s0 ~
-.0303
-.0006

-.0407
-.0917
-.0980
-. Z069
-.066s
-.0516

-,1311
-,0836
-,0403
-.0676
-.iioa
-,0675
-.06>2

-.0409
-.0977
-.ofibo
-.0410
-.096s
-. O’fb7
-.0184
.0a69

-.0aa9
-.0*5S
-.oaoa

::8$1:
-,0030
‘.06nv
-.0380

-.031Y
-.oa9a
-.0a19
-.0304
-.0647
-.0801
-.0659
-.0830

‘.0166
-.01S9
‘.0S99
-.o ala
-.0554
-.0680
-.06 aa

~

.0061

.0137

.0090

.Oloe

.0031

.00s1

.Ol aa

.0aa7

.01S4

.0073
-.0000
-,ooan

.0s10

.oa70

.0E38

.0105
-.001a
-.oona
-.0E64

.0194

.0190

.Oloa

.0070
-.008a
-.0149
.Ooao

-.0076

0061
0084
0088
00 s

?00 >
0176
Olea
0142

.00’/0

.0088

.0060

.Ooia
-.0o40
-.0174
-.01S9
-.0s94

.0049

.0070

.0048

.006a
-.ooal
-.0070
-..0175

;

A Cm
,0066
.0147

-.0073
-.0018

.0051

.0084

.0s90

.0370

.0168

.01J3

.0136

.0131

.08T7

.0476

.0’376

.0408

.039s
,0164
.0103

.04JB

.0137

.0009

.0i6S
,0S6B
.0099

-:::::

.Ooae

.0001

.0133

:8i#Z
.014a

-.0064
-.0150

.0067

.0040

.0119

.0170

.0ss1

.0164
,Ooaa

-,0041

-.0001
.0001
.0004
.0060
.0146
.0166
.0065

%
-,oooe
-,0061
-.0099
-.0 768-,0 71
-,0041

-,00a7
~:::::

-. 011 B
‘.0079
-.0083

-.0098
-.0094
-.0078
-.000s
-.0100
-.006S
-.004a

-.0066
-.0042
-.0Q47
-.0060
-.0060
-.0U77
-.ooav
.0013

-.0008
-.0037
-.0034

::884:
-’.0077
-.0063
-.0039

‘.0034
-.0Q3a
-.0030
-.0038
-.0064
-.0077
-.0o64
-.0047

-.0002
-.0034
-.0035
-.003C
-.00ss
-.006s
-,0060

~
-.0039
-.0030
-.00ss
-,00a8
-.00s0
-.000-7

-,0’053
-.0049
-.ooas
-.0016
-.0000
-.0000

-.0085
-.0050
-.00 6

$-.00 7
-.0016
-.oo ia
.0001

-.004’2
-.004S
-,0064
-.00a6
-.0014
-.0000
-,0003
-.0013

-.0037
-.ooas
-.00a9

::g~gg

-.000a
.0006
.000s

-.oon4
-.oone
-.0007
-.oova
-.0017
-.0001
.0005
.001>

-,oana
-.ooa3
-,ooaa
-,0016
-.000s
.000a

‘?16

M
.88
.6a
.6a
.6a
.69
.68

.e4

.84

.04

.84

.04

.84

.95

.9s

.a6

.95

.96

.95

.93

1.01
1.01
1.01
1.OL
1.01
1.01
1.01
1.01

1.07
1.01
1.07
i.07
1.01
1,07
1.07
1.07

1.1’3
I.la
l.%a
I.in
1.19
1.1s
t.la
1,10

i.ao
l.ao
1.80
1.10
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A/1 dimensions in inches

“~/ip gop .025c

spoiler, slot, om’ deflector

Semispun ureo

Aspect rutio

Taper rotio
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Figure 1.- General arrangement of model and controls.
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Figure 2.- Variatlon of mean Reynol& number with Mach number.
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(a) M = 0.62.

Figure 4.- Rolling-moment characteristics of the spoiler alone,
the spoiler-gap-lip combiIla.tion,and the spoiler-slot-deflector
combination.
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Figure 4.- Contfiued.
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4.- Continued.
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Figure 4.- Concluded.
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Figure 5.-Variation of rolling-moment coefficient with Mach nuuiberat
various wing angles of attack for the spoiler alone and the spoiler-
slot-deflector combination. Es = ~().10c;bd = 0.075c.
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Figure 5.- Concluded.
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;.- Variation of rolling-moment coefficient with projections of the
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